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Abstract: The paper presents the contemporary findings of remote sensing regarding the control of common ragweed on agricultural land. The two-year research was performed 
in co-operation with the company Ciklonzacija Ltd., Serbia. The remote sensing process starts with the collection of images captured by several types of cameras equipped with 
special filters. Images are obtained by modified cameras mounted on helicopters, drones, and airplanes. Next, a special software is used to produce maps based on the obtained 
images that show the level of weed spread on agricultural land, illegal waste dumping areas, and other uncultivated areas, i.e. the areas that are potential sources of ragweed 
spread. The maps have a considerable economic benefit when mapping agricultural, wood, and other areas. Moreover, they reduce the use of human resources, and increase 
the capacity of data acquisition as well as the accuracy of the model of weed spread and its control. 
 





Ambrosia artemisiifolia L. from the Asteraceae family, 
known as common ragweed, annual or low ragweed, is an 
annual weed. Due to its competitiveness, it causes direct 
agricultural losses. In addition, its pollen is a strong allergen 
and has an indirect negative effect. Thus, ragweed is cited as 
the most important weed nowadays [1-5]. It has been 
introduced from the North America to Europe [6, 7]. There 
are about twenty species of ragweed in Europe, with the 
common ragweed (Ambrosia elatior, Ambrosia 
artemisifolia) being the most dispersed. It has been spreading 
rapidly throughout Europe [8] at 6-20 km annually in the 
east-west direction. The pollen concentration in Croatia is 
measured in Zagreb and Osijek, whereas there are around 400 
measurement points in Europe [9]. The highest level of 
ragweed infestation has been recorded on agricultural land, 
as it is shown in the research [10]. The spread of ragweed 
within a crop is determined by remote sensing [11]. Remote 
sensing, global positioning systems (GPS systems), and 
geographic information systems (GIS) are information 
technologies [12] with remote sensing being an indispensable 
method in various scientific fields. Thanks to the 
development of information technology, its results have been 
extensively used in numerous areas and a growing body of 
research [13, 14].  Remote sensing is often used for 
environmental research and activity monitoring [15, 16]. It is 
the science of acquisition of information about an object or 
phenomenon without maintaining any physical contact. 
According to [17, 18], it is usually performed from land-
based, air-based, and satellite-based platforms. Remote 
sensing increases the capacity of data acquisition as well as 
the accuracy of the model of infestation and spread [19]. The 
research [20] stipulates that remote sensing of ragweed is 
performed on areas as large as 1 ha and bigger. Visual data 
interpretation, also known as photointerpretation, is the 
identification and delimitation of the depicted objects. Visual 
interpretation facilitates an analysis of imagery at every level 
of categorization, thus enhancing the processing of digital 
photos. The recognition of the differences among the objects 
and environment implies a comparison based on one or more 
basic elements or phenomena in the surveyed environment, 
as stipulated by [21, 22]. Furthermore, the spatial information 
system is used for the acquisition of spatial data that provide 
descriptive information. Additionally, GPS/GIS provides an 
accurate acquisition of numerous data on spatial and 
temporal variability. The accurate information on weed 
spread on agricultural and other types of land is a pre-
requisite for efficient weed control. The objective of the 
research is to show the application of remote sensing in 
ragweed control on agricultural land. Remote sensing detects 
both the spread of ragweed and it provides faster and efficient 
mapping. It was performed from the air using diverse types 
of cameras with special filters. Then, based on the acquired 
data, maps were created using a special software. While 
capturing the images of the ragweed infected agricultural 
land, illegal waste dumps and other uncultivated areas were 
surveyed for they are potential sources of ragweed spread. 
The obtained maps have a significant economic benefit when 
mapping agricultural land as well as woodland. 
 
2 MATERIALS AND METHODS 
 
Remote sensing was performed in co-operation with the 
company Ciklonizacija Ltd. in the areas of Apatin, Bački 
Breg, Petrovaradin, Sombor, Titel, and Veternik, Serbia, in 
2015 and 2016. Ragweed remote sensing started with 
classification and monitoring followed by the correction of 
the classification results by visual interpretation and 
additional information. The objective of monitoring was to 
determine the circumstances of the spatial spread of ragweed 
based on the aerial images. The images can be obtained using 
helicopters, drones, or airplanes with a mounted modified 
camera. A Bell Jet Ranger helicopter (Fig 1) captured the 
RGB images, whereas a DJI Phantom 4 drone (Fig 2) 
captured the infrared images. Prior to the recording, the areas 
included in the research where checked. The researched 
ragweed-infested area must be homogenous, which implies a 
prominent level of similarity. To achieve proper 
classification and monitoring, it is necessary to have an 
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orthoimage, which is obtained from several images. The 
images of the surveyed areas were taken with a camera that 
records within the visible electromagnetic spectrum, whereas 
some sites were recorded by an NGB camera (Near Infrared, 
Green, and Blue), which records both in the visible and 
infrared (IR) part of the spectrum.  
 
 
Figure 1 Helicopter "Bell Jet Ranger 203" 
 
 
Figure 2 Drone DJI Phantom 4 Pro 
 
Spatial resolution of aerial photos is a key factor. The 
higher the resolution, the more accurate is both the ragweed 
classification and the visual interpretation of the acquired 
images. The accuracy of ragweed spread detection 
determined by remote sensing is dependent on the season. A 
higher level of accuracy is achieved in summer, when 
ragweed retains more water in its leaves compared to other 
plants. Consequently, its leaves are greener, in which case a 
higher level of detection accuracy is achieved. Ref. [24] 
claims that plant pigmentation enables the identification of 
invasive plants based either on the cryophile content or the 
unique color of leaves and flowers. The paper shows the 
classification and monitoring as well as the correction of the 
classification results created by visual interpretation.  
 
 
Figure 3 NGB Orthorectified aerial image acquired with an unmanned aerial 
vehicle 
 
The first step in the classification process is the 
acquisition of ORTHO images and their subsequent 
orthorectification (Fig 3). Klisanski breg is the site which was 
subject to classification and monitoring. The photos were 
taken on the 14 September 2015 with a camera that records 
within the visible part of electromagnetic spectrum (Fig 4). 
 
 
Figure 4 Aerial orthoimage of Klisanski breg 
 
After the acquisition of orthorectified images, the 
following classes were defined to support the implementation 
of classification and monitoring (Fig 5): ragweed, fields, 




Figure 5 Definition of classes of interest 
 
The contemporary programs Leo Works version 
4.0.2.339, and SNAP, version 4.0. were used for image 
processing, whereas QGIS version 2.18.13 was used for the 
analysis of spatial data, and finally Agisoft PhotoScan 
version 1.3.4. was used to join the images. After the imagery 
acquisition, the classes required for the classification were 
defined. The next step was the assignment of sites to every 
defined class in the orthorectified aerial photo.  
Fig 6. shows marked areas for every site under 
surveillance. Upon the selection of research sites for every 
class, a maximum probability method was applied to the 
classification with monitoring, which resulted in a thematic 
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map (Fig 7). Every class on the thematic map was assigned a 
certain color. Fig 7. shows the class of ragweed in the left 
frame marked in red, whereas the singled-out ragweed class 
marked in green is shown in the same picture on the right 
side. Following the application of classification with 
monitoring, a correction of classification results by visual 
information and additional information was performed. 
 
 
Figure 6 Selection of the surveyed area 
 
 
Figure 7 Thematic maps 
 
A proper correction of the classification requires the 
knowledge of the appearance of certain sites in the 
orthorectified aerial photo. Information can be extracted from 
the photos obtained by remote sensing by isolating 
information based on visual interpretation of the photo or by 
semi-automatic computer processing. Mapping and land 
application are some of the ways of information extraction, 
whereas image classification and parameter calculation are 
the ways to extract information based on computer image 
processing. Nowadays, color recognition by the human eye 
has improved. An image can be analyzed, and information 
can be extracted in a direct and spontaneous way, or they can 
stem from a logical conclusion based on evidence. As far as 
spontaneous recognition is concerned, a farmer is expected 
to be able to notice and define a certain object faster and 
easier based on his previous professional experience. 
However, logical experience requires both previous 
professional knowledge and experience. The following 
interpretation elements are required to interpret a photo and 
to recognize certain objects: tone/color, texture, pattern, 
form, size, height/altitude, and location/association. The tone 
can be defined as relative brightness on a black and white 
photo. Different tones are important for image interpretation. 
The tone of the depicted object in a photo is directly related 
to the amount of light reflected against or emitted from the 
surface. Diverse types of rocks, lands, and vegetation have 
different tones. Thus, the differences in humidity levels can 
be discerned as the differences in tones. Consequently, higher 
humidity levels are discernible as dark gray tones. The 
differences among colors are related to the spectral features 
of the surveyed land. The advantage of color differences 
compared to tone differences results from a higher sensitivity 
of the human eye to color differences (approx. 10,000 colors) 
compared to tone sensitivity (approx. 200 tones of gray). 
Texture refers to the frequency of tonal change. It can be 
described as rough or fine, smooth or grainy, granulated, 
smudged, etc. and it is determined by the roughness of the 
area. Moreover, there is a significant relation between texture 
and the spatial sensor resolution. Pattern refers to the spatial 
arrangement of objects, and it implies a characteristic 
repetition of certain forms and relationships. It can be 
concentric, radial, etc. The form is a characteristic of many 
objects. A two-dimensional object projection and its height 
have an impact on the object depicted in a photo. The form 
of the object helps to identify it (i.e. paths, railways, 
agricultural fields). The size of an object can be observed in 
the absolute or relative sense. The width of a path can be 
estimated based on the comparison with the commonly 
known size of a vehicle. Additionally, the differences in 
heights facilitate the recognition of certain kinds of 
vegetation, types of buildings, etc. 
Finally, location/association refers to the circumstances 
either on a site or relative to its environment. For example, 
the woods in mountains are different from those next to seas 
or rivers. A common use of these elements is crucial for 
visual interpretation (Fig. 8). Therefore, a standard 
classification of digital photos which relies solely on color is 
limited compared to visual interpretation.  
 
 
Figure 8 Ragweed within a soy field on the orthorectified image 
 
3 RESULTS AND DISCUSSION 
 
Remote sensing of ragweed spread after spraying 
involved the recording of locations with an NGB camera 
(NIR, green, and blue) in order to inspect them. The acquired 
images have revealed the healthy and uncut vegetation in 
orange, whereas the drying or cut ambrosia has been depicted 
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in pale tones of orange and gray color (Fig. 9). Additionally, 
based on the images, the BNDV index has been created, in 
which case a color palette has been added as an additional 
control of the sprayed area (Fig. 10).  
 
 
Figure 9 Ragweed within a soy field on the orthorectified image 
 
 
Figure 10 NGB images of cut areas (left) and BNDVI images (right) 
 
The remote sensing of illegal waste dumps was 
accomplished through visual interpretation of an 
orthorectified aerial photo (Fig. 11) as well as by applying 
the NGRDVI index (Normalized Green Red Difference 
Vegetation Index) (Fig. 12) with the aim of providing 
potential support in the detection of differences between the 
vegetation, artificial objects, and unused land shown in the 
image. NGRDVI = 0 represents a boundary that helps to 
distinguish among the land covered with vegetation and other 
land areas (values of NGRDVI <0).  
 
 
Figure 11 Orthorectified aerial image showing illegal waste dumping areas 
 
 




Based on two years of research, the following 
conclusions can be drawn: 
-  By using the remote detection, a rapid, high quality and 
accurate insight into the spatial distribution of the 
ambrosia is obtained; 
-  The data processing makes possible to create precise 
maps of the ambrosia distribution; 
-  By repeating this method at certain time intervals we 
create prerequisites for reducing the occurrence and 
adverse effects of ambrosia for agricultural cultures and 
for humans as well; 
-  Due to the negative effect of ambrosia on agricultural 
crops and the human health issues (allergies) caused by 
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